In 385 patients with acute myocardial infarction, lactate dehydrogenase (LD; EC 1.1.1.27) isoenzymes were determined electrophoretically 24, 48, and 72 h after admission. At those times, LD-1/LD-2 ratios exceeding 1 were recorded in 78.9, 88.8, and 92.2% of the cases, respectively. LD-1 ranged from 181 to 2674 U/L, or 21.9 to 66.1% of the total activity. On the first day of hospitalization, 27.3% of the patients demonstrated abnormal LD-5 (>6% of total LD);this finding dropped to 20.5% and 17.4% in the two following days. Early increases in LD-5 were most frequently observed in patients associating inferior infarcts with posterior or lateral extension and having a previous history of myocardial infarction. On day 1, LD-5 was significantly increased in early deceased patients as compared to long-term survivors (9.7% vs 4.9% of total LD, p < 0.01). LD-5 definitely contributes to the prognostic efficiency of total LD in acute myocardial infarction, but does not replace it as a risk predictor. This study confirms the superiority of total LD over the isoenzyme measurements to achieve short-term prognostication.
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In patients with myocardial infarction (MI),4 the cardiospecific lactate dehydrogenase (LD) fractions, LD-1 and LD-2, have been widely studied, and either an increased LD-1 (for example, greater than 40% of total LD) or a LD-1/LD-2 ratio greater than 1 (the classical "flipped" LD-1 pattern) has been regarded as a diagnostic criterion (1-,5) . Important changes in proportions of LD-5 after MI have been described, but little is known about the time and frequency of appearance of this isoenzyme in the serum.
When comparing the efficiency of various enzyme measurements performed at the acute phase of MI for predicting short-term mortality, we demonstrated the superiority of total LD over LD-1 and LD-2 (6). The present study was intended to investigate the changes in the other LD isoenzymes during the first three days of hospitalization and to evaluate their contribution to the already known power of total LD for predicting cardiac deaths during the first 15 days after the acute event.
Materials and Methods
The study involved 385 patients admitted to the Universi- Mean values ± SD for total LD and total CK, determined in 153 healthy subjects (ages 36.6 ± 11.3 years), were 295 ± 54 and 59 ± 27 U/L, respectively. The distributions for both enzymes were significantly skewed to the right (skewness: 0.75 and 0.90, respectively).
In this control group, the 0.95 reference intervals for the LD isoenzymes, 
Patient Population
Patients entering the study were selected as follows: their CK activity had to rise continuously after admission and peak at the earliest 8 h after admission; this was to ensure that the MI was of recent onset. In the overall patient Twentyseven patients died during hospitalization: four on the second day, six on the third day, eight between days 4 and 6, and nine between days 7 and 15; 21 died after hospital discharge, i.e., between 15 days and six months after the infarction.
Primarily because of hemolysis of some samples (8) , LD isoenzymes could not be electrophoretically separated for all patients: 11 values were missing on day 1, 20 on day 2, and 20 on day 3.
The mean age of these patients was 58.2 years (SD 10.8). Among the 374 patients for whom LD isoenzyme measure- ments were available on day 1, 73 (19.5%) had evidence of previous MI (history of a hospital admission for documented MI or Q-wave abnormality on the electrocardiogram, indicating an old infarction). The criteria used to differentiate transmural from subendocardial infarction were those of Cook et al. (9) . This method provides a global assessment of group differences, and the hypothesis of equal mean response curves between groups can be tested by an F-criterion.
Results
All patients showed an increase and decrease in total LD activity in serum, the maximum LD values ranging from 406 to 7326 U/L (n=385, mean ± SD = 1618 ± 794 U/L) and occurring, on the average, 36 ± 12 h after admission.
Mean
LD activity decreased during the subsequent hours to 1332 (SD 691) U/L on day 3. The classical increase in LD-1 activities after MI was observed at each measurement time, the highest percentages occurring at the end of the investigation period. On day 3, LD-1 ranged from 181 to 2674 U/L, or 21.9 to 66.1% of the total activity (mean 47.8%). At the peak for total LD the mean LD-2, LD-3, and LD-4 percentages were 36.0, 11.5, and 1.6% of total LD, respectively. LD-5 declined from 5.4% on day 1 (range: 0.0 to 43.6%) to 4.1 and 4.0% on days 2 and 3. An abnormal LD-5 fraction (>6% of total LD) was recorded in 27.3,20.5, and 17.4% of the patients on days 1, 2, and 3, respectively.
At the same measurement times, inverted ("flipped") LD-1ILD-2 ratios were observed in 78.9, 88.8, and 92.2% of the cases, respectively. As shown in Table 1 , noninverted LD-1/ LD-2 ratios were associated with a lower enzyme release, while the highest ratios (>1.20) were related to markedly increased activities of CK, CK-MB, and LD. Noninverted LD-1/LD-2 ratios were more frequently associated with an increased LD-5 fraction.
Predictive Power of LO Measurements
The average response curves of total LD (obtained by linear interpolation between LD measurements performed on admission, and 24, 48, and 72 h later) were calculated for longer-than-six-month survivors, early deaths (four to 15 days), and patients who died later (16 days to six months).
Comparing the response curves over three days (10), we found significant differences (F = 24.8, p < 0.001) among We compared the average percentages obtained for the five LD isoenzymes during the first three days of hospitalization in survivors and cases of early death (Figure 1 ). Greater proportions of LD-5 in nonsurvivors than in survivors were apparent. The most pronounced differences were recorded on day 1 (LD-5 was 9.5% of total LD in early deaths vs 5.2% in the low-risk group, p < 0.01) and on day 2 (9.0% vs 4.0%, p <0.02). On day 3, the two groups did not significantly differ (6.1% vs 4.0%). Early deaths also demonstrated lower percentages of LD-1 and LD-2, but the differences observed were only significant for LD-2 on day 2 (38.5% in survivors vs 35.1% in nonsurvivors,p <0.05). The relatively more important decrease in LD-2 than in LD-1 in nonsurvivors probably accounts, in part, for a slightly higher mean LD-1/LD-2 ratio in this group ( Table 2) .
Significance of Increased LD-5 Fraction
The overall population of patients was divided into three classes according to the percentage of LD-5 determined on day 1: class I, LD-5 fraction within the normal range, i.e., <6% (n = 272); class II, LD-5 slightly increased, 6-10% (n = 48); class III, LD-5 >10% (n = 54). The increases in LD-5 fractions were unrelated to age and sex; however, the proportion of previous episodes of MI for patients of class I (19.0%) was lower than in the two other groups (25.0% in class II; 23.2% in class III), though not significantly. Peak values for enzyme activities were lower in the patients with normal LD-5. Mean CK peaks averaged 1475 (SD 481) U/L, 1699 (SD 1467) U/L, and 1710 (SD 1738) UIL in classes I through ifi, respectively, but the differences were not significant. The 344 patients with transmural MI were subdivided into eight groups according to the CK peak activity, infarct location, and history of MI; the mean LD-5 value was calculated in each group (Table 3) . In patients presenting with their first MI, there was little correlation between LD-5 percentages and CK activity, irrespective of infarct location. Patients with a previous MI and an inferior infarct, on the other hand, demonstrated significant differences (p < 0.02) in LD-5 percentages according to serum CK activity: the most pronounced increases in LD-5 (13.6%) were found in the group with CK activity >1500 U/L. In cases of reinfarction with an anterior location of the infarct, LD-5 also increased according to CK activity, but not significantly.
Discussion
In our series, the number of MI patients demonstrating increased LD-5 is remarkably high. At the end of the first day after admission, we found LD-5 increases (>6% of total LD) in more than 25% of the subjects investigated; this proportion dropped to 17% by day 3.
LD-5 is never found in significant amounts in the heart, and no regional heterogeneity in the distribution of LD isoenzymes in the myocardium has been reported (11, 12) . Admittedly, modifications of the LD patterns as a metabolic 5.9 (64) 13.6 (12) 4.6 (75) 7.5 (14) possibility of small amounts of LD-5 originating from the ischemic myocardium cannot be ruled out. However, the earliness and magnitude of the changes in LD-5 (up to 43% of total LD) may suggest a possible hepatic origin of this isoenzyme.
Increased LD-5 activity is frequent after liver hypoxia, and LD-5 activities more than 17-fold normal have been described in patients with congestive heart failure (15) , exceeding 87% of total LD in severe cases (16).
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Although the previous history of MI, inferior location of were not significantly related to increased LD-5, the greatest serum LD-5 activities were -found in the patients combining the three factors, i.e., 13% in inferior infarcts demonstrating CK peak >1500 U/L associated with previous lesions. Undoubtedly, the extent and size of the infarct plays a role in the occurrence of LD-5 after MI (Table 3) . That LD-5 increases were most frequently seen in poor MI conditions was confirmed by greater proportions of this isoenzyme in nonsurvivors than in survivors.
In a recent report on the importance of total LD for assessing the patient's risk in the early phase of MI (6), we demonstrated that the discriminant power of total LD activities recorded at the time of CK peak (20-24 h after admission) was greater than that of maximum LD activity, which occurs about 15 h later. Moreover, total LD measured on day 1 proved to be a better predictor for short-term mortality than the cardio-specific isoenzyme LD-1. In the present work, we have confirmed the superiority of total LD assay over measurements of the individual isoenzymes.
However, the comparison of the response curves of total LD and LD isoenzyrne activities during the first three days of hospitalization in groups of patients with increasing risk (six-month survivors, deaths after hospital discharge, and early deaths) also demonstrated that, in addition to the cardiospecific isoenzymes, LD-5 significantly differentiated the different risk groups, particularly during the first two days of hospitalization.
This probably accounts for the fact that measurement of total LD, which integrates both cardiac and extra-cardiac fractions, is a better predictor of risk than LD-1 and LD-2.
In conclusion, this study indicates that, during the early phase of MI, the LD-5 electrophoretic fraction (a) appears frequently in the serum, (b) is associated with combinations of factors likely to cause heart failure, and (c) has a clearly relevant predictive value for short-term mortality.
Therefore, in addition to LD-1 and LD-2, LD-5 contributes to the high predictive power of total LD. We believe these results partly explain why LD is superior to other enzymes, and particularly to CK (6) , in the assessment of risk after MI.
